understood. Over the years, several lines of evidence have supported multiple mechanisms, as shown in Table 1 . The most consistent finding is that the drug reduces hepatic glucose production (HGP), mainly through inhibition of hepatic gluconeogenesis (1) . Recently, elegant studies in murine models have clearly demonstrated that the specific target of metformin is likely to be inhibition of the mitochondrion-specific isoform of glycerophosphate dehydrogenase, leading to an increase in the cytosolic redox state and, as a consequence, decreased conversion of lactate and glycerol to glucose (2) . There is also growing evidence that at least some of the drug's metabolic effects may involve the enteroendocrine axis, including gut activation culminating in the release of GLP-1 and peptide YY (3) . Because patients with type 2 diabetes express both increased HGP and derangements in the incretin system, metformin's mechanism(s) of action could also be considered to be pathophysiologically based.
The cardiovascular benefits of this drug were initially demonstrated in 1998, with publication of the results from a small, prespecified subinvestigation of overweight patients within the UK Prospective Diabetes Study (UKPDS). This demonstrated strikingly better macrovascular outcomes in those randomized to metformin versus conventional diet therapy (myocardial infarction: hazard ratio (4) . In contrast, in the main UKPDS comparing sulfonylurea or insulin versus diet, there was no such cardiovascular advantage (5) . Moreover, when metformin-treated patients were compared directly to those on sulfonylureas or insulin, they experienced fewer diabetes-related end points (P 5 0.003) and less all-cause mortality (P 5 0.02) and stroke (P 5 0.03) (2) . In two subsequent trials, Hyperinsulinaemia: the Outcome of its Metabolic Effects (HOME) (6) and Study on the Prognosis and Effect of Antidiabetic Drugs on Type 2 Diabetes Mellitus With Coronary Artery Disease (SPREAD-DIMCAD) (7), the risk reductions related to cardiovascular end points were remarkably consistent at about 40% (Table 2) .
More recently, several large observational studies have buttressed the notion of cardiovascular benefits from metformin, showing improved outcomes with the biguanide as compared with sulfonylurea monotherapy both for cardiovascular events and all-cause mortality (8) (9) (10) . Admittedly, it cannot be known from such data whether event rates are decreased by metformin or increased by sulfonylureas, which are, of course, associated with hypoglycemia. Mechanistic studies over the years, however, seem to support the former conclusion, with this biguanide having protean benefits on cardiovascular risk factors, including body weight, blood pressure, lipid levels, inflammatory markers, hypercoagulability, platelet dysfunction, and microvascular reactivity (11) .
This body of evidence, along with metformin's low cost and general good tolerability, catapulted the drug in less than a decade to be the most commonly used oral antihyperglycemic agent in the U.S. (12) . Most treatment guidelines, including those from the American Diabetes Association/European Association for the Study of Diabetes (13) and the International Diabetes Federation (14), suggest metformin be used as the first-line therapy after diet and exercise, barring any prevailing contraindications. The drug is also endorsed by professional organizations for diabetes prevention in those with mild hyperglycemia, attesting to its excellent safety profile (15) . This recommendation and growing use by the medical community stems from the impressive findings of the Diabetes Prevention Program (DPP), a study involving 3,234 overweight patients with impaired glucose tolerance and fasting plasma glucose 95-125 mg/dL who were randomized to intensive lifestyle change, metformin, or placebo (16) . Patients in the metformin arm experienced a 31% reduction in the incidence of type 2 diabetes over 2.8 years relative to placebo. In the long-term follow-up component of the DPP, known as the Diabetes Prevention Program Outcomes Study (DPPOS), those initially randomized to metformin experienced an 18% reduction in the incidence of diabetes versus the original placebo group at the end of a full decade (17). This was despite the fact that placebo patients were offered additional lifestyle support and good adherence to metformin was achieved by only 57% patients.
The value of metformin was recently indirectly suggested by the U.S. Food and Drug Administration's revision of its proviso for use in those with chronic kidney disease (CKD) (18) , which, when severe, can result in drug accumulation and increased risk of lactic acidosis. The updated guidelines now allow therapy in those with stable, mild to moderate CKD, thereby expanding its use in the U.S. by, potentially, more than a million individuals (19) .
In fact, so pervasive is metformin's clinical use that every recent drug development program for new glucose-lowering agents routinely tests its investigational agent in combination with metformin. It is also the most common therapeutic ingredient in fixed-dose combination drugs, now available in conjunction with sulfonylureas, glinides, thiazolidinediones, DPP-4 inhibitors, and SGLT2 inhibitors.
Despite these now widely recognized advantages of metformin, a rapidly growing pharmacopeia for type 2 diabetes has led to the emergence of an important but controversial question: should any of the newer medications replace metformin as first-line therapy? Until recently, there was no solid evidence that any specific glucose-lowering drug or drug category had any definitive long-term benefit over other agents. During the past year, however, members of two categories of diabetes medications, the SGLT2 inhibitors (specifically empagliflozin) (20) and the GLP-1 receptor agonists (GLP-1 RAs) (specifically the daily injectable liraglutide [21] and the weekly and still investigational injectable semaglutide [22] ) have now been shown to have clear cardiovascular benefits over the standard of care. Two of these (empagliflozin [23] and liraglutide [21] ) were also found to improve renal outcomes. Both benefits are extremely important and also likely to be, at least in part, distinct from the drugs' glucose-lowering effects. Based on these new data, should either of these agents In order to be preferred over metformin as initial monotherapy for type 2 diabetes, a glucose-lowering drug must at the very least demonstrate some tangible advantage, whether it be greater potency, enhanced durability of effectiveness, or a clear benefit on the incidence of long-term complications, either microvascular or macrovascular. No category has thus shown this convincingly. Metformin, with perhaps the exception of insulin, has unsurpassed efficacy for HbA 1c reduction, typically in the 1-1.5% range, influenced to some degree by baseline glycemia (24) . Whenever it has been compared head-to-head with other drugs, equivalent glycemic reductions have been measured or, in some studies, an actual advantage to metformin has been found (24) . Admittedly, however, the degree of HbA 1c reduction may not necessarily be the most important outcome from a medication used for diabetes.
The recently demonstrated cardiovascular benefits of the newer agents have also been measured versus placebo, not versus metformin, and, moreover, upon a background of contemporary treatment, which commonly included metformin. For example, in the BI 10773 (Empagliflozin) Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients (EMPA-REG OUTCOME), 74% of patients were already on metformin at baseline (20) 
Most importantly, extending the findings from these trials to the primary prevention settingdthe most common scenario when prescribing initial glucose-lowering therapydis very premature. In the EMPA-REG OUTCOME trial, a main inclusion criterion was a prior history of CVD (20) . It is impossible to know whether empagliflozin might have benefits in those without overt macrovascular complications. Given the prominent effects of empagliflozin in this trial on heart failure hospitalization rates (HR 0.65 [95% CI 0.50, 0.85]) and its recognized diuretic actions, some have proposed that the drug exerts its benefits on cardiovascular mortality by simply offloading the left ventricle in those with known and even perhaps yet unrecognized ventricular dysfunction (25) . In LEADER (21) and SUSTAIN-6 (22), eligibility criteria included those over age 50 years with overt CVD but also a smaller cohort (about 1 in 5 to 6 participants) over age 60 years with cardiovascular risk factors only. Notably, in both studies, the point estimates for the primary outcome were $1.00 for those without overt CVD (LEADER: HR 1.20 [95% CI 0.86, 1.67], P for interaction 5 0.04 [21] ; SUSTAIN-6: 1.00 [0.41, 2.46], P for interaction 5 0.49 [22] ) (Fig. 1) . These data also suggest that the GLP-1 RAs may exert their cardiovascular outcome benefits solely in those with prevalent macrovascular disease. Even the thiazolidinedione pioglitazone, which has been shown to have favorable effects on atherosclerotic end points in the PROspective pioglitAzone Clinical Trial In macroVascular Events (PROactive) (26) and Insulin Resistance Intervention after Stroke (IRIS) (27) trial, has been tested solely in those with preexisting macrovascular complications. Accordingly, it can be confidently stated that metformin remains the only diabetes drug with clear cardiovascular benefits demonstrated in individuals without known CVD. Therefore, its fundamental position as the preferred initial glucose-lowering therapy for patients with type 2 diabetes remains deeply rooted.
Another concern is the adverse effect profile of any medication, particularly those used in chronic disease management. Other than metformin's well-recognized gastrointestinal side effects, which are typically self-limited and often mitigated by use of extended-release formulations (28) , it is exceedingly well tolerated and, as mentioned, has been in widespread use for more the two decades in the U.S. The very rare complication of lactic acidosis is likely to occur only in those taking the drug in spite of prevailing contraindications, especially renal failure (29) . Additionally, as mentioned, the drug is now being proposed as a diabetes prevention agent (15) and prescribing guidelines in those with mild to moderate CKD have recently been relaxed (Fig. 2) (18) , which both attest to the safety of this compound.
In contrast, with newer agents, by definition, there is less information available concerning long-term toxicities. SGLT2 inhibitors appear to be reasonably well tolerated except for genitourinary infections, but they have been in wide use for less than 5 years. They now appear to increase the risk of diabetic ketoacidosis, a rare but potentially serious complication that we are still trying to understand (30). The GLP-1 RAs have been available for nearly a decade but in more limited use and are associated with substantial rates of nausea. Initial concerns about carcinogenesis appear to be diminishing (31), but additional long-term safety data are still needed. Finally, the current relative annual cost differences between metformin (,$50), SGLT2 inhibitors (;$4,800), and GLP-1 RAs (;$9,300) are striking (32). With hundreds of billions of dollars already spent in the U.S. on the management of diabetes, it is critical that we favor the most cost-effective options in the absence of compelling data dictating a different approach. Were these newer categories to be used as initial therapy for all 29 million Americans with diabetes (admittedly an extreme case used for illustrative purposed only), costs to the health care system might range up to $139 to $270 billion dollarsdclearly unreasonable. If both categories were used in tandem, as some have proposed, the combined costs could easily exceed the total expenditures for all retail prescription drugs in the U.S. as of 2014 (33)! Our group recently reported that while spending on diabetes medications has increased dramatically over the past decade, the mean HbA 1c and rates of hypoglycemia have not changed appreciably (12) . These data suggest, at the very least, that the value of diabetes therapy must be carefully considered, especially if any major changes in traditional strategies are being contemplated.
Instead, as endorsed by the American Diabetes Association and European Association for the Study of Diabetes (13), SGLT2 inhibitors and GLP-1 RAs are reasonable options after metformin monotherapy no longer adequately controls HbA 1c . Indeed, some members of these drug categories may be the preferred agents in this setting in patients with established CVD, as suggested by the aforementioned trials.
In order to replace metformin as the preferred initial drug in type 2 diabetes, a head-to-head trial with the proposed agent would need to be conducted, assessing the relative effects on glycemia and both macrovascular and microvascular outcomes. Given the likely underlying cardiovascular benefits of metformin, however, such a study would probably need to involve tens of thousands of patients and extend well beyond 5 years. Some trialists would view this as impractical from both a cost and logistical standpoint. The majority of the long-term diabetes treatment trials currently underway consist of other cardiovascular outcome studies of similar design to EMPA-REG OUTCOME, LEADER, and SUS-TAIN-6, testing the investigational agent versus placebo upon background therapy (34) . They therefore will not provide relevant information as to the preferred monotherapy for type 2 diabetes. One exception is a trial comparing the DPP-4 inhibitor linagliptin to the sulfonylurea glimepiride, but also upon background glucose-lowering therapy that will likely commonly involve metformin (35) . The National Institutes of Health's Glycemia Reduction Approaches in Diabetes: A Comparative Effectiveness Study (GRADE) trial is testing mainly the durability of several options added to metformin (glimepiride, sitagliptin, liraglutide, and insulin glargine) (36) . By definition, all GRADE participants, per protocol, will already be on metformin monotherapy. The study is also not powered to adequately assess for important long-term complications, such as CVD. Notably, an important secondline category, SGLT2 inhibitors, a member of which is now indicated for the prevention of cardiovascular death in patients with type 2 diabetes and CVD, are not represented because they became available in the U.S. after the trial had started. Thus, GRADE will also not be able to inform on this specific debate.
In summary, based on the medical community's extensive experience and the drug's demonstrated efficacy, safety, low cost, and cardiovascular benefits, metformin should remain the "foundation therapy" for all patients with type 2 diabetes, barring contraindications. There is no convincing evidence at the present time to consider any other approach.
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